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Background

* Leak rate design of Crew Module (CM)
Environmental Control and Life Support Systems
(ECLSS)

e Scenario for CM depressurization

e |ssue: Flammability in low-pressure oxygen of
materials qualified in 30% oxygen at 10.2 psia
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The ECLSS of the Crew Module is designed for a leak rate equivalent to a ¼-in. hole to maintain a cabin pressure of 8 psia for one hour, during which the astronauts would don their space suits. The crew would then breathe oxygen from the space suit oxygen supply while the cabin is allowed to depressurize toward vacuum. Ultimately, the only gas in the CM cabin would be oxygen at near vacuum pressure from suit leakage.  The concern is that the cabin materials might be more flammable in oxygen at near vacuum pressures than in the CEV cabin materials certification environment of 30% oxygen at 10.2 psia. Therefore, this program was conducted to determine the highest pressure in nearly 100% oxygen at which typical spacecraft materials are still self-extinguishing.


Self-extinguishment total pressure limits were determined in oxygen
following NASA-STD-6001 Test 1.

The experimental approach consisted of concentrating the testing in
the flammability transition zone following the Bruceton Up-and-Down
Method. For attribute data, the method has been shown to be very
repeatable and most efficient. Other methods for characterization of
critical levels (Karber and Probit) were also considered.

The data yielded the upward limiting pressure index (ULPI), the
pressure level where ~50% of materials self-extinguish in a given
environment.
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Start with the first point above. Explain Test 1. Focus on protocol, test logic, testing under worst environments and why most data is taken under 30% oxygen, 10.2 psia conditions.
We used a 20 AWG hot wire for ignition. The standard chemical igniter had a flammability threshold pressure limit in oxygen of 0.7 psia and we needed to determine if the materials would be flammable below that.
Instead of the pass/fail test logic under fixed conditions, we investigated alternate logics to evaluate the flammability thresholds. Continue with the second point above.


Experimental Approach: Test Logic

 The Bruceton method is from 30 to 50% more efficient
than Probit for the same accuracy; the method is widely
used for determining the limiting oxygen index as defined
and accepted by the combustion community.

e Furthermore, we conducted a number of tests at the
highest total pressure the material passes (the material
would fail in an environment with 0.1 psia or higher), to
determine the maximum total pressure (MTP) - defined
as the MTP where all samples tested (at least five) self-
extinguish following the NASA-STD-6001 failure criteria.
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After this slide, show videos comparing TA-301 and Nomex burning in oxygen at 14.7 psia and reduced pressures (< 1 psia).


Test Materials

* Rigid plastics: polysulfone (Udel), PVC/PMMA alloy
(Kydex)

« Composite:  epoxy/fiberglass (NEMA G-11,
Westinghouse)

e« Foam: polyimide (TA-301)

e Fabric: aramid (Nomex)

e Films: PET (Melinex), polyetherimide (Ultem)
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Typical spacecraft materials were used. The materials selected had MOCs in the range of 24 to 32 at 10.2 psia.
Explain the reasons.


Results and Discussion

Material ULPI MTP ULOI MOC
Epoxy/glass 0.9 0.8 28.6 24
Udel P1700 1.0 0.9 31.7 29
Kydex 100 1.8 0.6 335 32
Solimide T A-301 0.7 0.5 2903 28
Melinex 515 0.9 0.4 212 20
Nomex HT90-40 0.6 0.5 28.5 29
Ultem 1000 1.5 0.9 26.5 24

Pressure and oxygen concentration flammability limits for selected materials
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The MTP threshold was in the range of 0.4 to 0.9 psia. The material with the lowest MOC at 10.2 psia (PET) also had the lowest MTP.  Otherwise, for the materials tested there was no correlation between the MOCs and MTPs. The results show that CM materials may be flammable at very low pressures and that the CM should be kept below 0.4 psia to ensure that the materials are still self-extinguishing.
Discuss: the difference between the ULPI and MTP, as well as how ULOI-MOC provides an estimate for the no burn/to burn transition zone. This information will be useful for future spacecraft fire risk assessments and their management.



Conclusions and Recommendations

« Parametric flammabllity thresholds other than oxygen concentration
can be determined with the methodology proposed for evaluating
the MOC when extinguishment occurs.

* Inthis case, a pressure threshold in 99.8% oxygen was determined
with the methodology and found to be 0.4 to 0.9 psia for typical
spacecraft materials.

« Correlation of flammability thresholds obtained with chemical, hot
wire, and other ignition sources will be conducted to provide
recommendations for using alternate ignition sources to evaluate
flammability of aerospace materials.
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There is a draft of an ISO Technical Specification on evaluating the flammability oxygen concentration thresholds.  At this time, we consider recommending a generalized approach on evaluating parametric flammability thresholds.


